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should be included to obtain, say, a KP/A stress level. Moreover, as far as the 
mechanism of crack propagation is concerned, this stress would have to be of a 
type and direction such as to cause the crack to open. Obviously, the resultant 
tensile mode is most significant in this regard and it is compatible with the stress 
value S CA indicated in Fig. 15.2. 

According to the basic criteria involving the transition temperature, the de¬ 
signer can aim at either fracture-tough or fracture-safe design. From the stress 
point of view, both approaches constitute the major elements of the fracture con¬ 
trol process. The object of fracture-tough design would be to select a material 
that could prove to be insensitive to crack propagation and brittle failure through¬ 
out the working range of temperatures, material thicknesses, and design stresses. 
In fracture-safe design with known CAT curve (Fig. 15.2), the working stress S w 
should be less than S CA at a selected temperature. For instance, at temperature 
NDT+AT W corresponding to point B, the maximum stress that can be arrested is 
on the order of 37.5% of the yield strength of the material depicted by S y on the 
vertical axis of Fig. 15.2. When the operating temperature is less than NDT, the 
rule of 5000 to 8000 psi applies. The basic problem with such a low shelf value is 
that a weight penalty may be involved in developing a low-stressed system. Unless 
the stress is low in this design region (left of the dashed vertical line in Fig. 15.2), 
the material is essentially brittle and a plane strain failure can be initiated in the 
presence of a very small flaw. 

In many cases structural members are designed to perform in an as-welded 
but not stress-relieved condition. The residual stresses in this instance can be as 
high as the yield strength, and they are oriented in the direction parallel to the 
weld. Such stresses result from the longitudinal shrinkage during cooling of the 
weld area, which is restrained by the adjacent colder metal. In practice, these peak 
stresses extend to about one to two weld widths and therefore they can contain 
only relatively small cracks. We therefore have a highly localized residual stress 
region in the weld or heat-affected zone, which may initiate fracture due to a small 
crack for a wide range of stresses and when the service temperature falls below the 
NDT. 

The brittle condition in the heat-affected zone is further aggravated by the 
formation of a coarse grain structure, which is inherently more brittle than the 
finer grain size of the parent metal. Additional aggravation is encountered if the 
rapid cooling of the weld results in the formation of martensite, a hard, brittle 
microconstituent. However, at temperatures above the NDT, such a fracture will 
not occur because of the requirement for extensive plastic deformation. This theory 
has been verified experimentally [90]. 

When the transition curve corresponds to a low-strength steel, it normally ex¬ 
hibits a high shelf fracture toughness. On the other hand, a flat S curve, indicating 
no significant transition temperature, is characteristic of high-strength steels. This 
is an important practical consideration, because increasing service temperature for a 
high-strength material may not necessarily assure that the new system will become 
much more fracture-safe. 

The technological progress puts increased emphasis on the development of im¬ 
proved specifications for fracture testing and fracture-safe design, particularly in 
the areas of structures carrying dynamic loads. The prediction of elastic stresses 
in the context of fracture mechanics still remains difficult despite the progress in 



